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Intervention Programs 
- 6 weeks 
- MM and H/W groups receiving weekly, 1-hour training videos, as well as     
daily, 45-minute training exercises including health podcasts 
- MM exercises include yoga and meditation 
- Control group did not receive any training and was assigned to a 
“waiting list”  
The PAST Task1
- ECG monitors heart rate before, during, and after task
- Participants must quickly answer arithmetic problems using a keyboard
- Color, sound, and visual feedback according to correct/incorrect answers 
- EEG records FRN responses to incorrect answers
1. MM could show considerable improvement in lessening stress 
reactivity, and ability to return to baseline quicker through EEG analysis  
2. Would add to the scientific data to support MM as an effective 
alternative medicine technique to reduce the physiological effects of 
chronic stress  
3. Reduction in stress reactivity controls symptoms of PTSD, anxiety, 
depression, and other disorders associated with these 
chemical/neurological pathways  
4. Adoption of MM could reduce the use of pharmaceutical treatment in 
patients when medication is contraindicated or not desired 
1. Noticeable FRN curve is generated from stress event (incorrect answer)
2. With iMM training: smaller amplitude of FRN curve, returns to baseline in a shorter amount of time
3. An analysis of average reactivity over time may be better suited for this study
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Figure 1. PAST Task1 Results: Feedback-Related Negativity at Fz and Cz 
Electrode Sites. Dotted line = beginning of stress event.
Experiment Predictions
Literature ReviewAbstract
Chronic stress has been shown to adversely affect cardiovascular, neurological, 
and mental health, especially in older populations. The success of alternative 
therapies in combating stress has been well-supported in neuroscience thus far. 
In this experiment, the Portland Arithmetic Stress Task (PAST) was used to exam-
ine stress reactivity in older adults who received Mindfulness Meditation (MM) 
training. This was done in order to determine whether event-related potentials 
(ERP’s) and autonomic biomarkers may be impacted by this MM intervention. 
Thirty-one older adults were enrolled and randomized into three, six-week pro-
gram groups: MM, Health/Wellness Education (H/W), and no program (no train-
ing control). All groups were brought in for testing before and after their inter-
vention. At each visit, the PAST was administered, and an EEG recorded changes 
in feedback-related negativity (FRN), while an ECG recorded heart rate before, 
during, and after the stressor. While a previous study supported that the PAST 
test was effective in eliciting a significant stress response, the changes in physi-
ological measures and ERP’s were modest, leaving a small range to work with in 
future studies. It is unclear if MM will be effective enough, in such a short time, 
to create a measureable difference in stress reactivity via this EEG measure. We 
expect, given previous literature on MM and stress, that in the MM group there 
should be a decrease in physiological and ERP stress reactivity measures during 
the test, as well as a faster rebound to baseline after the test was administered. 
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Implications
Methods & Materials
The biological and neural mechanisms, as well as the psychological processes involved in stress have 
been extensively studied and supported. Less studied are the event-related potentials (ERP’s), or elec-
trical signals, emitted by neurons in the brain during the stress response. ERP’s are a useful tool in 
measuring stress because they can give a picture of what is happening in the brain in real-time to the 
millisecond, versus typical biological markers, including blood pressure or cortisol levels, which are 
typically evaluated before and after a stress test. While the mechanisms are still being discovered, 
there are certain patterns, including error-related negativity (ERN) and more recently feedback-re-
lated negativity waves that are shown on an electroencephalogram (EEG) during a stressful event5. 
While the two are closely related, FRN curves are specific to an “incorrect response,” as demonstrated 
in the Portland Arithmetic Stress Task, which uses complicated mathematics under a time-constraint 
to measure ERP’s when subjects get a wrong answer2 (see Figure 1). The theoretical neurobiological 
relationship between ERP’s and stress originates in the anterior cingulate cortex (ACC). The mesen-
cephalic dopamine system (MDS) communicates with the ACC when a subject commits an error in a 
reaction-time task, and the signal generated has been proposed to be a FRN potential6. This connec-
tion is vital, because it not only gives insight as to what areas of the brain and chemical pathways are 
contributing to this type of negative-feedback learning, but also how they could be contributing to the 
mechanisms in disorders like anxiety, depression, PTSD, and OCD.
If it is inferred that ERP’s correlate to the stress response, then connections can also be made between 
the stress response and disorder associated with disruptions in the normal mechanism. While the hy-
pothalamic–pituitary–adrenal (HPA) axis has been heavily researched as a physiological response to 
stress, the locus coeruleus–norepinephrine–sympathetic pathway (CNSP) is also a major pathway in-
volved9. While Holroyd6 found a connection between the MDS and ACC, upon further examination of 
the ACC a major output is to the locus coeruleus (LC). This is vital because an activation of the ACC 
could lead to activation of the CNSP, and as a major output of the LC is the hypothalamus, this would 
further lead to the activation of the HPA axis, release of cortisol, and the biological effects that fol-
low, including increased heart rate and blood-pressure, which are the typical biomarkers to measure 
stress. This entire cascade theoretically stems from a single ERP, in this case a FRN potential, elicited 
from the environment. To relate this back to disorders of stress, an explanation for a malfunctioning 
stress response could be explained by an excess of these specific family of ERP’s, which is supported by 
the criteria for anxiety, which includes rumination of negative thoughts5. In order to disrupt a broken 
stress pathway like this, an intervention must be put in place, which has typically been pharmaceuti-
cal, but recently alternative medicine techniques, most popular of them being mindfulness meditation 
programs, have been researched for their effectiveness as a stress reactivity intervention. 
Mindfulness meditation (MM) has been shown to be a measurable competence shown via EEG, specif-
ically in P3 peaks in an ERN wave3. The purpose of our current study is to correlate mindfulness med-
itation more specifically with FRN potentials, and see how MM changes these responses. The study 
will also utilize heart rate variability (HRV) in order to correlate the ERP’s with another stress-related 
variable, as to strengthen our comparison between the control and experimental groups1. HRV has 
also been shown to have strong correlation to mental effort, which makes it a suitable real-time bio-
marker to supplement the study7,10. The physiological changes that a MM program can have on stress 
are clear, typically with decreases in blood pressure, heart rate, and galvanic skin response8,10. How-
ever, the long-term effects are much less clear, as not many longitudinal studies have been done on 
long-term (>6 months) MM interventions. Cortisol levels usually remain unchanged with short-term 
interventions, suggesting that long-term MM may be the key in order to re-wire a faulty stress-re-
sponse in subjects. A MM program has also been shown to better many negative psychological effects 
of stress, as reported in self-assessments and administered tests, relating to relaxation ability, cogni-
tive flexibility, emotional control, perceived stress, and reperceiving8,10. MM also decreses rumina-
tion, a main theme in anxiety subjects, which could make it a invaluable treatment option for those 
who suffer from anxiety, as well as other disorders with recurring negative thought, including depres-
sion or PTSD1,8. The mechanisms for MM as an intervention for stress still may remain unclear, but 
it’s benefits are well-documented, making it a useful treatment for many disorders related to the stress 
response.
